PINEY CREEK BRIDGE
ARROY O SECO BRIDGES
CA PFH 129-1(1)

Proposed procedure for pressure grouting
Abutment 2 Shaft 4

(Macolm Drilling Company, Inc.)
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DATE: August 7, 2000

ro. Khamis Haramy

THIS IS A FAX TRANSMITTAL
FROM THE ARROYO SECO BRIDGES

PROJECT OFFICE
Department of Transportation, Federal Highway Administration
Central Federal Lands Highway Division
FAX: (831)674-5725
telephone: (831)674-3250

MAILING ADDRESS:
FHWA
47600 Arroyo Seco Road
Greenfield, CA 93927

# of Pages, including this one: 5

Here is the contractor’s Proposed Anomaly Repair Procedure for your review. Iwill continue to
question the contractor for the data for your review.
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MALCOLM DRILLING CO., INC.

200. Oyster Point Bivd. . South Ban Francisca, CA 84080 o
(850) 852-9052 FAX (650) 862-5542
License No. 259543

August 3, 2000

-
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Gisaite Consnuction Co., Inc. gty
Monterey Bay Branch :
P.O. Bax 720

Watsonville, CA 95077
Phone: (831) 763-6100
Fax:  (831) 763-6121

Attontton:  Chris Svenm
Preject Msuager

Regarding: Californta PFH 129(1) Arroyo Seco Bridge
Los Pudres National Forese
Moaunterey Counly CA

Subiject: - Anomaly Repair Procedure ' <A
Pile 4, Abubmwent 2 .

Chuis:

Caoss hole sonic logging of pile 4 a1 Aburment No.2 (piury Creek) has indicated an anomaly fror 6 to §
etz (19 to 26 feet) below the wp of the pile. Whils debonding of the steel inspection tube has not been
ttally ruled wut, there is 3 greater concern that the concrete in this location is cantaminated.

Thus in accordance with Section 1, subheading 565.078 “conection nf Unacceptable Drilied Shaft”, MDCI
has prepared this pile repair plan for your review as well as review by the FRWA. The plan outlined below
his been accepted by the California Swte Depatauent of Transpottation (Caltrans).

CIDH Pilc Repair Procedurs

Law density Tremie concrete in CIDH piles m comumonly the vesults of loss of fines during placement or
the presence of forcign materisl i tie dull hole prior to placement of the concrete. ln either case,
penmication grouting is often used 1o improve the strength and reduce the permeability of the low density
mawrial. In peevious projects it has been demonsaated that penmeation grouting was cffective imside the
neat hne of the pile as well as wvproving native granular soils around snd under the pile. These
iwmproveroents of porous materials enhance the bearing capacity of the pile and the corroston resistance.

Grouting is & process where 2 suspension of cesnentatious material is pumped under pressure into a porous
material. After 3 period of time, the grout muteriul hardcns and becomaes & permianent part of the porous
material matiix. Repau of concrete is most oficn done with arganic resin grout or cementatious slurry
gout. MDCI ks expericnced the cement sturry groul prituces a superior finished product.

As 3 gencral rule, the minimum diameter of an opening suspended cement particles will enter is S times the
effective gnain size of the cement. Using that vatin, the minimum pore diameter for ordinary Portland
Cement giaut is 250 microns, for Geotcchnical gram it s 75 microus and for super fine grout, about 30
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..  The following ptocedure is based on myecting a L‘cm:l.l'f'l'ilf.(‘;us._l:kiu); érsm compnse—gf iﬁf;pper‘fmc grout,

** sz - 10102 honcycombed or washed yame in ‘fiemie placed concrete. It is understood that thic poros covicrete

dr:  wliy veach the cdpe of the pilc and provide a pathwuy fot gie, grom:%; eliter porots miajensl brovnd the pile.
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In soils, 25 little as 1% grous solids by weight {n a silty xund wil incraase the cohesion of the mareria) tb 10
ksf and af higher concentations the steugth increases matkedly. For exawmple, i€a 2 ft. zone of influence
aound the grout injection point is uscd, injection of 15 Ibs per foor of hele in the grout zone will be cnough
1o bring the cohesion of that 20ne up to that of a stiff clay, and if 25 to 30 Ibs per foot of hole is injected,
the grauted soil is similar to sofl vock.

Repaiy Procers Step Description:
1). Deternune thickness snd depch of zone of suspecred poor quality or low density concrete.,

A. Review Gamimna Ray T.ogs and’ or cross hole seismic .-
B. Discuss test results with appropriate technicians |
C. Reach sgrecment on depthe with delfliag conuwractor

2) Core drill pile.

Dl two, 2" diameter holes on opposite sides of the pile withia the inner limits of the reinforcing
steel to at least 0.5 meters bslow the bottom of the suspected zone of deficient conczete

Log the core rccovery and note concrele quality.

Use core dat to confum actual locations of anomalous zopes of cancrete.

If no Beficient concrete iy fmmd grout holex with standard cewacnt grow! and walar

I deficiant concrerc is found continue with repurs

‘mpow >

3) Insertw grout packer in on of the core holes and seat itar 2 selocted level a few feot above the top of
the zone of deficient.concrete

4} Inject water through the packer to test the seating of the packer and flush the grout zonc.
5) Observe the pressuse and injection rate during the water test

A. If water 1ake is above S gpm, or pressuge does not build up, Jook for cvidence of water return 10
surface, Witer return may be out of the second core bole.
B. If water wke {8 less than 5 gpm note rase and pressure.

8} Close injection valve and pote tate of pressure 1oss.

C. 1€ warcr or air teturns fo surlace is SA abave, preferable through core hole No. 2, continuc water
injection until steady flow rute is rcached. The idca is to try and flush out contaminutcd concrete,

1. I water retwns around the packer, reseat it

E. (fwatet retumna from another pont plug it off

F.  1f the hole fails @ take water, it is interpreted to mcan the concrete is sausfactory, or that the low
density zone at that depth is an isolated incluéion. Stup repairs and grout core hales with standard
wiater cemiend grown

6} Injecta low sahd cnment grout mix 1 displace any remaining warer and to permeate the finest pore
openings.

A. Sclect the grour mix based un water injective rate. Use 10:1 grout fou iajection rate Yess than 1
gpm/fL Use S:1 groul for injection malo over 1gpin/ft.

a) Test injection rare and compute solids in lbs/mnure.

b) Cbserve for increase ar decreaxe i injection yalbe,

¢} If'wacet of air remned in S abave, chicck the sice for evidence of grout retum.
d) If grout retum is found estimate e rate of refurn

¢} Try to plug sny visible grout requm path.
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% If the starting mix is 10:1, continne until refusal .
C. Ifthe starting nmx is 5:1, inject two bags of growt

3) Check injection rate for ittereases, decreasc ot steudy

b) 1t the rate decreuscs, coatinue with S:1

¢) Ifthcratc ix stvady or incresses, taicken the mix
Repeat steps 6C a through ¢.
Note: Some judgment on (he thining of mix changes is allowed, and the mix may be ditured w
extend puaping time.

¥ weater and/ or grout retutns from another bole, or from the same hole it is interpreted as evidence of open
chunaels through the purous marerisl. In the cage where the return is fram the same hole, the packer is
reseated 1o assure that the grout is not seeping between that packer and the side of the hole. The packer
may need 1o be hifted a few inches or s few feet in order to contain the grout in a highly porous zone. In the
casc where return is from another hole, that hole is a temporarily plugged while injection in the origina)
hole is continued.

The grout injection rate and pressure are adjusted in the ficld to meet the conditions encountered. As a
geucrs] rule the maximum injection tare is {0gprm and the maximum allowable pressure is 240 pile. but
bath may he reduced or pumping may be temporarily stapped to allow the grout to stiffen in casc excessive
Frout feturn gecurs.

Convennonally, the starting grout mix is very ditute, and the solid content is increascd gradually. At some
pownt, the vate of grout injection decreascs, and et that time the grout is nul thickened any morc. Depending
on the total amount of solids that have been igjected in that port, the grout mhix nay be thinned to cxtend
the pumping timie, or the hole may be allowed 1o reach refusal naturally. Grout injretion continues unnil the
nyection rate is below 201bs pes lour in any 20 minute intcrval while bolding pumping pressure of 200 psi.

If the water injectiva rate measuxed in ytep 4 is lest than { gallon per minute per foot of hole in the low
deasity zone, the srarting mix should be diluted to J0:1 waler 10 comiens by weight, and not thickened,

Evaluation Of The Groyting Procedure;

The distance the grout sohds travel through & porous material depends on the size of the pore opculngs.
Where the porous waterial 1 sand or silty sund, the grour solids scpamate from the water through fiferation
#nd selimentation processea starting only a few mches away tsuin the fnjection puinit. Even with vety high
water to salids ratios, mast of the grout solids are deposited within 4 ft. of the injectivn point  Pumping rate
alsa influcnces the distance the grout travels.

Typically, the grout snixing and pumping unit 1s 2 ChemGrout model C0-500 mixer and Mayno pump
combimation. 1igh pressure Henderson plunget pumps may be an accepiable altemative.

Packers of the inflatable type, such as the Aardvark of Hany sysiem are used for deep packer semtings.
Mechanical packers of the ChemGrout type or similar are used for shallow packer settings. Mechanical
packers are preferred. If inilatuble packers are used, thoy should be rated far 00 psi vunimum burst or
hetter

Pressuze gauges arc typically 2 inch dial type. Gauge protectors are used, but i normial grouting scrvice,
gauges arc usually replaced on 2 two or three shift cyclc. The peessure range is sciected such that the
anticipated working grout pressure is in the middle third If the pressure mnge fur that gange.

The grout rtux thickening procedure is based on the size df the mixer batches. If RhocChiemn grout {s nged
(25 kulogram bags), the sianting mix of 5:1 is batched with 2 bags and 55 gullans of watcr. Using the same
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fill line and increasing the graut to 3, 4, or § bags gives weight rativs of 3.33:1, 2.5:1 and 2.0:1 and allows
for casy calculation of yolids injection rates. .

The depth of packer seuings is nof important to the prouting rerults. Dilwmion of the leading cdge of the
grout imx, occurs if the distance between the packer and the apen interval of the holt: 1s more than about 30
feet (~10 merers) ar il the tnitisl injection rate is less than 1gpm We anticipats the dilutlon zonc is only
about 10 ft,, in & 2 inch diwmeter, pipe, or xbuut 1.6 pallons of grout. Therefore. 1t is preferable touse a
sunple mechanical packer set near the op of the hole siice our anormaly is anticipated 1o he 19 10 27 feet
deep and not much dilution will ocewr,

Informianon from the water pressure test in step 5 above is valuable in select the srarting mix, and evidence
of water renuen araind the pils may be used (o plan the grouting operation. No water take indicates a gaod

- pile.

Step 6 A d is an important field obseérvatian. In a situation where the concrete defect is deep, and the grout
puith 16 the surface may be many feet, the volunte of grout rerum is an indication of bow much cement is
being depasitcd between the injection poimt and the return point. Grouting may be interrupted or suspended
if the return rate is nzarly equal ta the injection sate. If the retutn rate is low, or decreasing, the operaror
should thicken thee grout mix and/or reduce the pimping rate o allow sedimeatation and filtration of the
grout 1o plug vp the path near the injection point.

The nicthods, equipment and procedures outlined in this jetier are denved from statc of the art practices in
pressure giouting. MDCT has ficld ercws thal have experience in this type of grouting. They are trained to
observe all indications and thanges caused by the grouring and to record therh, If unexpected resules occur
( they often do) the ficld operaturs are capable of making adjustments.

Although [ would like 1o be more specific about the equipment, we do not have & starting datc and da not
know which grout mixer and/or panmp will be available. MDCI can acquite ar array of packers and will
start with a simple mechapical packcer and will switch to mflatabile types if they are needed.

| anticipate coring the pile by mid next weck, depending upon the availability of a care drilling
Subcontracwr, Ilcasc review and uccept tis pile repair plan.

Feel frec to contact me if you have further quesnons.

Theuk you,
Malcolm Drillmg Co . IDC.

John K. Fabish
Projoct Manager

CC: JohmM Mulcolm
Ed Bucher
David Judd
Job File



